Background: Giant cell tumors (GCTs) are typically found in the metaphyseal-epiphyseal area of long bones but can also occur in the head and neck region. GCT of the larynx is a rare entity with only 42 reported cases in the international literature. Furthermore, to the best of our knowledge this is the largest laryngeal GCT reported in the literature to date. GCT of the larynx can present with dysphonia, dyspnea, and/or dysphagia and should be considered in the differential diagnosis of a neck mass. Case presentation: This case report describes a giant cell tumor of the left thyroid cartilage in a 30-year-old man who initially presented with dysphonia and dysphagia. Computed tomography (CT) revealed a 5 × 5.7 cm mass centered on the left thyroid cartilage, which was further diagnosed by histopathology as giant cell tumour by open biopsy. The patient was counselled on treatment options and it was decided to proceed with a surgical approach. The patient consented to and successfully underwent a total laryngectomy (TL). Currently the patient has no evidence of disease at 13 months follow-up, has an optimal prosthetic voice, and is able to tolerate all textures of foods. Conclusion: GCTs of the larynx have a good prognosis and can be treated successfully through complete resection of the tumor, negating the need for adjunctive therapy such as radiation, chemo or denosumab therapy.
Background
GCT of the cartilaginous structure of the larynx is a rare entity. To the best of our knowledge, there have only been 42 reported cases in the international literature, including Wessely's first documented case in 1940 . This is more than previously reported in the literature, making this condition more common than once thought, yet still extremely rare to encounter. The purpose of this case report is to contribute our clinical, pathological, imaging, and treatment outcomes associated with our patient's laryngeal GCT and to review the current literature. Additionally, we will address the patient's perspectives and experiences focussing on his quality of life following TL. Finally, we will comment on various treatment modalities that have been undertaken for treating laryngeal GCT's along with their outcomes.
Case presentation
A 31-year-old Bosnian male with an unremarkable health history was originally seen in early October 2015 at a walk-in medical clinic after he noticed a change in his voice for 3 weeks. The patient had no smoking history, no prior occupational exposures, was an infrequent social drinker and worked as an assistant manager at a convenience store. Initially he thought the hoarseness was secondary to an upper respiratory tract infection and surprisingly did not notice the neck mass until it was pointed out to him (Fig. 1) . The physician who examined him at the time felt a large mass in the left anterior portion of the neck and followed up with a neck ultrasound. The neck ultrasound was unremarkable revealing a homogeneous thyroid gland with no solid or cystic soft tissue masses along with normal appearing lymph nodes on both sides of the neck.
Two days later he presented to the emergency department because of increasing hoarseness and mild dysphagia. The department of Otolaryngology Head and Neck Surgery was consulted. At the time of consultation, the patient appeared to be in no airway distress and had normal vital signs. On physical examination, a palpable mass was felt on the left side of the neck. The rest of the head and neck examination was unremarkable. Laboratory investigations were ordered and included CBC, serum ionized calcium, thyroid stimulating hormone, free T4 and T3 and calcitonin. These laboratory findings were all within normal limits with the exception of a slightly elevated T3 level. Direct fiberoptic nasopharyngolaryngoscopy was performed and revealed a supraglottic mass involving the left vocal cord causing immobility (Fig. 2) . The mass appeared to be submucosal in nature and did not affect the right vocal cord. He was then admitted for observation and further workup for diagnostic purposes.
A CT scan with contrast was performed and showed a 5 × 5.7 cm laryngeal mass centered on the left thyroid cartilage, which was completely destroyed (Fig. 3) . It displayed some central decreased attenuation and was associated with early punctate calcification. The tumor extended medially and compressed the laryngeal ventricle and airway at the level of the vocal cords. Superiorly it extended to the level of the left intact hyoid bone and compressed the left pyriform sinus. There was compression and displacement of the left carotid sheath and left sternocleidomastoid with no sign of any direct invasion. A 1.1 cm diameter lymph node was seen just lateral to the jugular vein and inferior to the tumor on the lefthand side. No other bone or soft tissue abnormality was observed. At this point the appearance of the mass was very suggestive of a chondrosarcoma. Magnetic resonance imaging (MRI) revealed the same findings as the CT scan and maintained the suspicion for a chondrosarcoma. The patient's case was discussed at the Saskatoon Cancer Centre Head and Neck rounds and the consensus was to proceed with a surgical approach. After consulting with various head and neck cancer specialists across Canada, reviewing the literature, and respecting the patient's wishes it was decided to proceed with a TL. The decision to proceed with a TL versus a PL was extremely difficult. With the extreme size of the tumor and significant pharyngeal invasion, it was postulated that a partial laryngectomy in this particular case, would result in a high degree of remaining laryngeal dysfunction. On December 2015, the patient underwent surgery. The following procedures were performed: total laryngectomy, left hemithyroidectomy, pharyngeal plexus neurectomy, partial pharyngectomy, anterior pharyngotomy, and creation of tracheoesophageal fistula for future voice prosthesis (Fig. 6 ).
At 13 months follow-up the patient has no evidence of disease or recurrence. He is able to tolerate all textures of foods and is happy with the quality of his voice. In terms of communication he states he "doesn't have any problems" and has been doing "very well from a psychological standpoint". He was connected with an existing laryngectomy patient for peer support prior to surgery, which he found very helpful and gave him "a piece of mind."
He currently works two jobs, the first being an assistant manager at a convenience store and second as an office clerk. He has an interdisciplinary degree in political science and business administration and is hoping to return to school in the future. One day he hopes to swim again as this was his main form of exercise and stress relief prior to surgery. The patient will have continued follow up in clinic to ensure no tumor recurrence.
Discussion
GCTs are typically found in the epiphyseal area of long bones and have a predilection for females in their third decade [1] . These tumors are usually benign in nature but can be locally aggressive, recur, and occasionally undergo pulmonary metastasis [1, 31] . About 4% of all primary bone tumors are GCTs, with approximately 2% of all GCTs occurring in the head and neck region [22] . Most often GCTs in the head neck region occur in the sphenoid, ethmoid, or temporal bones and very rarely in the hyoid bone and cartilaginous framework of the larynx [22, 34] . Wessely reported the first case of a laryngeal GCT in 1940 [1] . Including our case and based on our literature search, there have been an additional 42 reported cases (Table 1 ) .
Our literature search included all cases of true GCT arising from the laryngeal skeleton. We excluded cases that arose externally to the laryngeal skeleton or cases that were questionable in regards to the origin of the tumor. Of note, we excluded four separate cases that have been previously reported as primary GCTs of the larynx. Tsybyrne concluded that based on clinical, radiological and cytological findings the final diagnosis as a low-grade thyroid cancer with spread to the thyroid cartilage [35] . Coyas et al. and Froboese et al. both reported cases of GCT of the vocal cord but without involvement of the laryngeal skeleton [36, 37] . These two cases would now be classified as GCT of the soft tissue [38] . Lastly, Stepanov et al. reported a case of laryngeal GCT that had metastasized from the femur [39] .
Based on our case and review of the literature, laryngeal GCTs occur more frequently in males (n = 39) than females (n = 4) and have an average age at presentation of 44.6 years . The most common site affected is the thyroid cartilage (n = 32) followed by cricoid cartilage (n = 9), and epiglottis (n = 2). The size of the tumors were measured by either gross examination or medical imaging. The average tumor size for the reported cases is 3.9 cm. The most common treatment is surgical resection (n = 29) followed by surgery and radiation therapy (n = 4), radiation therapy alone (n = 3), surgery with chemo and radiation therapy (n = 2), surgery plus Multiple giant cells are also noted denosumab (n = 2) and surgery with chemo (n = 1). The average follow-up period for those reported is 4.3 years. All cases that reported follow-up had no evidence of disease with the exception of Swanson and Brown, who reported observing a small subepiglottic nodule at 0.8 years follow up [32] . However, the patient is asymptomatic and is currently being observed. Lastly, only one case was reported as a GCT with osteosarcomatous malignant transformation [28] . The patient successfully underwent a PL with adjuvant chemotherapy and was free of recurrence at 6.3 years follow-up [28] .
A large tumour appearing over the thyroid cartilage area has a large differential diagnosis, in which a GCT should be included. The differential diagnosis includes but is not limited to: giant cell reparative granuloma, brown tumor of hyperparathyroidism, osteoblastoma, chondroblastoma, chondrosarcoma, chondroma, aneurysmal bone cysts, nonossifying fibroma, foreign body reaction, benign fibrous histiocytoma, malignant fibrous histiocytoma, osteosarcoma with abundant giant cells, and spindle cell or sarcomatoid carcinoma with giant cells [25] . Given the uncertainty of such a tumor clinically and the difficulty of distinguishing GCT from the above listed lesions radiographically, it is imperative to make the NED no evidence of disease, TL total laryngectomy, PL partial laryngectomy, TE tumor excision, LF laryngofissure, RT radiation therapy, FU fluorouracil, a Size averaged by author distinction through histological examination [25] . This will allow for a definitive diagnosis and will assist on how to proceed next in regards to treatment.
Recently there has been some evidence supporting the use of systemic denosumab (a monoclonal antibody against the RANK ligand) as a treatment option for GCT of the bone [40] . However, its long-term safety and efficacy for laryngeal GCTs is unknown as only 2 reported cases have been treated with denosumab. Derbel et al. observed a reduction of the tumor volume (12.4 to 10.35 ml) along with complete histological response showing absence of giant cells after 3 months of systemic denosumab [26] . However, a PL was still performed as a definitive treatment [26] . Yancoskie et al. initiated denosumab therapy with their patient for 2 months following a PL with no signs of recurrence at 8 months follow-up [1] .
At present the literature supports surgical management of laryngeal GCTs. However, there is an evolving role for novel therapeutics such as denosumab to potentially minimize the morbidity of treatment. Factors that will influence the extent of surgery (TL vs. PL) include: 1) potential recurrence 2) post-operative function and quality of life and 3) if one does choose to do a PL, then management would more likely include ancillary measures such as radiation therapy, chemotherapy, or additional salvage surgery. Furthermore, given the fact the average age at presentation is 44.6 years gives all the more reason to avoid radiation therapy as sarcomatous transformation is of concern [24] .
Conclusion
GCTs of the larynx are benign tumors and have a seemingly high cure rate. The main management dilemma is focused upon the extent of laryngeal surgery i.e. laryngeal preservation. There is paucity in the literature related to functional outcomes and quality of life as factors in deciding upon management. With respect to this, surgeons need to be more diligent in reporting follow-up relating to laryngeal function and patient quality of life. With patient counselling and consent, a TL is an effective treatment for an extremely large laryngeal GCT with significant invasion of surrounding tissue. Thus fulfilling the goals of guaranteeing a low recurrence rate and negating the need for adjunctive therapy such as radiation, chemo, or denosumab therapy and their potential complications. 
